More disastrous fires may be expected in future years. A major factor contributing to this prediction is the accumulation of dead fuels taking place in the wildland areas of the western United States. The fire control agencies may be making the situation worse. William E. Towell, chairman of a fire study group for the American Forestry Association, said (1), '. . . a fire control agency's worst enemy may be its own efficiency. The longer forests go without burning, the greater the fuel accumulation and the greater the hazard."
Forest Fuels
The fuels that burn in a forest fire are generally separated into two classes, living fuels and dead fuels. The living fuels, consisting of leaves, twigs, and stems of growing plants, are difficult to ignite and do not burn readily by themselves. When the moisture content of living plants is reduced by drought and when they are further heated and dried by a fire in dead fuels beneath them, they can burn, sometimes very intensely.
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The real problem is dead material, consisting of fallen leaves and needles, dead twigs and branches, dead stems either standing or fallen, and dead grass and weeds. Fires start easily in dry, dead fuels and spread readily. The fuels that contribute most to fire intensity and rate of spread are those about 1 centimeter in diameter and smaller, plus the outer few millimeters of larger branches and logs. Larger fuels do not contribute to intensity or rate of spread since they burn after the main fire front has passed. These larger fuels do cause the fire to persist and are difficult to extinguish. They may also provide a source of burning embers for further fire spread.
A general formula for fire intensity (1) was developed by Byram There have been few measurements or estimates of the quantities of dead fuel under growing forests or brush fields. Weaver, discussing the ecology of the ponderosa pine (Pinus ponderosa), pointed out the great increase in fire hazard which results from fuel accumulation under almost complete fire protection (7). He found fuel quantities large enough to make control nearly impossible if a fire should start during critical weather conditions (8). In studies of the giant sequoia (Sequoiadendron giganteum) groves as much as 56 to 94 tons of dead fuel per hectare were found (9). Southern California has a reputation for devastating forest and brush fires, yet only two studies have been made of the amount of material fueling these fires (10 The destruction wrought by these early logging-slash fires undoubtedly created the sentiment and reasoning that led to the policy of total fire protection. While this concept of complete exclusion of fire was probably the only practical solution at the time, it has created other problems, some of which are just beginning to be recognized now. As discussed above, dead fuels have accumulated and present a serious hazard in many areas. Fire exclusion has also altered the ecological relationships of the forests, changing drastically the composition and growing conditions of many timber stands (18) . Another possible solution, prescribed burning, has been a subject of tremendous controversy. Weaver has often proposed the use of fire both as an ecological tool and for hazard reduction (7, 8, 14) , and Biswell (29) has pointed out that the removal of dead fuel by prescribed burning reduces the damage from wildfire. These proposals have often been greeted by an emotional reaction and the view that all fires are raging monsters that destroy everything. The critics fail to recognize the differences between high-intensity wildfires that do destroy everything and low-intensity fires that may cause little or no damage.
Fire has been essential for perpetuating valuable species (19). For example, Haig stated that Douglas fir (Pseu-
Several studies of logging-slash flammability have been made, and there is a considerable amount of prescribed burning on clear-cut blocks where no vegetation remains (19, 30) . However, these are all high-intensity fires, and less attention has been given to fuel accumulations outside of logging areas or to the use of low-intensity fires.
In two studies, low-intensity fires have been used in timber areas. Gordon's study in dense, stagnated stands of ponderosa pine saplings and poles is difficult to evaluate as few data are given on the sizes or number of trees (31). The photographs included in the report seem to indicate that the stands were extremely thick and that burning thinned the suppressed trees effectively. (35) . These costs for high-intensity burns contrast sharply with those given for small plots and illustrate clearly the differences in scale. On a large scale, lowintensity fires would be considerably easier and cheaper to manage.
It must be recognized that there are many areas where high volumes of fuel would cause severe damage with any attempt at burning. However, little valid work has been done on the effects of low-intensity fires in the West. There are possible damages and disadvantages in the use of fire, but we may be forced to accept them as the premiums due for insurance for the whole forest. Evidence that a program of prescribed burning is compatible with modern economic and social objectives is given in Australia. Heavy losses in a series of disastrous fires prompted a study of management objectives. Their attempts at total fire exclusion had made changes in the nature of the forest and, while reducing the area of forest burned annually, had produced more severe and damaging bush fires (36). They concluded that complete fire protection is almost impossible to achieve and is undesirable ecologically. Hence, they have started a program of prescribed burning to reduce the fire hazard and restore the ecological conditions needed by the forest and wildlife.
Conclusions
Fire has been part of the western forests, probably for thousands of years. Apparently these frequent fires consumed much of the dead fuels and prevented large fuel buildups. Since fire protection agencies started their policy of total fire protection, dead fuels have gradually accumulated in many areas and represent a serious hazard. Studies and surveys should be started to obtain data on fuel volumes and distributions.
The large quantity of stored energy in accumulated fuels is released rapidly by fires, producing very high fire intensities. It is reasonable to predict that, where fuels are permitted to accumulate, fires will become more severe and more damaging and will be more difficult to control. More men and more fire trucks will not solve the problem of bigger and more damaging fires, although they may delay the ultimate results. The only big improvement possible in forest fire protection lies in the area of hazard reduction.
Intensified efforts to find economical and practical ways to reduce the fuel hazards are needed. The relatively neglected use of prescribed burning should be considered, particularly the use of low-intensity fires. Advantage should be taken of large wildfires that have reduced the fuel hazards, and vigorous efforts should be made to prevent future fuel accumulations.
